possible. These antibodies are secreted in breast milk and reflect the intestinal exposure of the host to microorganisms and microWe studied the milk 'Ontent of secretory 'gA (S1gA) and Of bial products. It may be feasible to increase the protective potential specific IgA antibodies to E. coli in relation to volume, in 24 h of breast milk by local intestinal vaccination of pregnant and mothers to different socio*econOmic lactating women, or by parentera] booster following intestinal groups and living under different ecologic conditions in Ethiopia, priming. Guatemala and Sweden. There were no statistically significant differences in the daily output of milk SIgA among the population groups investigated at different times after Onset of lactation.
Summary
possible. These antibodies are secreted in breast milk and reflect the intestinal exposure of the host to microorganisms and microWe studied the milk 'Ontent of secretory 'gA (S1gA) and Of bial products. It may be feasible to increase the protective potential specific IgA antibodies to E. coli in relation to volume, in 24 h of breast milk by local intestinal vaccination of pregnant and mothers to different socio*econOmic lactating women, or by parentera] booster following intestinal groups and living under different ecologic conditions in Ethiopia, priming. Guatemala and Sweden. There were no statistically significant differences in the daily output of milk SIgA among the population groups investigated at different times after Onset of lactation.
Several investigators have addressed the question of composiThere was, however, a certain trend t~wards lower SIgA levels tion of breast milk of chronically undernourished populations (for among the Guatemalan P r women, compared to the correspond-review see 19) . The evidence suggests that the concentration of ing privileged ones (Tables 2 and 3). Three days after delivery the nutrients in milk of undernourished mothers is comparable to that underprivileged Ethiopian mothers showed significantiy lower an-observed in well-nourished women, although there seems to be a tibody levels than the privileged Ethiopian. These differences were trend towards lower protein content, measured as total nitrogen, no longer seen when the values were corrected for differences in among the undernourished (30) . In addition, the milk volumes volume (Table 5) .
produced by underprivileged mothers can be below those reported One month after delivery, the levels of SIgA antibodies in milk for well-nourished populations (4, 8, 15) . Although the emphasis from fh~edish women and Guatemalan privileged Women against so far has been on nutritional aspects, there are reports indicating a pool of eight E. coli somatic antigens were comparable; these that the immunologic factors in human milk, including specific two groups of mothers had significantly higher antibody levels than antibodies, can be present in largely comparable levels in milk the Guatemalan rural and urban ones ( Table 4 )-The same Pattern samples obtained from malnourished and well-nourished lactating was observed after correction for differences in 24 h volumes women (8, 16, 25) . (Table 5 ).
The difference in antibody prevalence in milk specimens from At 3 months after delivery, the Guatemalan urban privileged various countries may reflect different epidemiologic patterns (1, women, again showed higher levels and daily output of antibodies 18), but the antibody levels may, in addition, be influenced by the against the E-coli antigens than the urban P r and rural mothers volume of milk produced and/or the ability of the host to respond ( Tables 4 and 5 ). The milk samples taken from a population where to an antigenic challenge and to synthesize protein. malnutrition is evident, i.e., mothers from Santa Maria Cauque, Bearing these considerations in mind, we studied the milk did not show any changes in the levels of SIgA and the anti-E. coli content of secretory IgA and of specific antibodies to antibodies 3,6 and 9 months after initiation of lactation. The data Escherichia coli 0 antigens in relation to volume, in 24 h samples presented here provide evidence that chronically malnourished from mothers living under diverse socioeconomic conditions in mothers are able to produce SIgA and transfer it to their offspring different countries. via breast milk. Furthermore, they do so in quantities that are comparable to those observed in well-nourished populations. There
MATERIALS AND METHODS
was a wide range of concentrations and daily output of SIgA and of specific antibodies in all groups, suggesting that some of the t%atemalan mothers. Milk samples, one from each subject, were infants get less than others. The observed differences in levels of taken from Guatemalan mothers at different times after pafluriantibodies against E. coli may be explained by differences in tion. Forty-one of them lived in the capital, Guatemala City, and exposure to E. coli strains of the eight serogroups studied here. belonged to two distinct socio-economic groups, designated urban The possibility of a deficiency in the SIgA antibody response in Poor and urban privileged; the remaining 45 were from ~a n t a the undernourished mothers still remains unanswered.
Maria Cauque, a rural community where malnutrition is highly prevalent (21) . The individuals were recruited as part of a study Speculation on nutritional quality of breast milk (29) . Mothers to prematures and children born by caesarean section were not included. The After antigenic exposure in the Peyer's patches, committed mothers and their infants showed no apparent symptoms of disease lymphocytes come from the intestine to the mammary gland, where at the time of sampling. they produce IgA antibodies. A certain transfer of IgA dimers via the circulation from the intestine to the mammary gland, is also Test-weighing was used to estimate the daily intake of milk by the children. Paramedical personnel spent a continuous period of 3 h at each mother's home. The first 8-h-period was aimed at establishing optimal conditions for normal lactation during the observation phase. The baby was weighed twice before and after every meal. A sample of milk was taken by emptying one breast after the weighing session was completed by manual breast pump manufactured by Lopuco. The milk samples were placed in glass vials, frozen at -20°C, transported in dry ice, and not thawed until immediately before analysis, when the samples were defatted and the cells separated by one cycle of centrifugation at 10,000 X g for 10 min. The samples were kept frozen.
Swedish mothers. Sixty-four Swedish women were included in the study. One milk sample was collected from each mother at different times after onset of lactation. The daily milk volume was estimated by weighing the infants as described for the Guatemalan series.
Ethiopian mothers. Twelve Ethiopian mothers were included. They lived in Addis Ababa and belonged to two distinct socioeconomic groups, designated underprivileged and privileged as described in a previous publication (13) . Serial colostrum and milk samples were obtained from them at different times after parturition. The daily output of colostrum or milk was estimated by test-weighing.
Immunological techniques. The modified enzyme-linked irnmunosorbent assay (ELISA) to specifically quantitate SIgA, and described by Sohl-Akerlund et al. (26) was used. Levels of IgA antibodies against a pool of somatic antigens from eight serotypes of E. coli (01, 02, 04, 06, 07, 08, 018 and 075) were determined using the same ELISA methodology, as described elsewhere (2) . In this study, an anti-a chain antiserum conjugated to alkaline phosphatase was used. It gives a good measure of the SIgA antibodies in milk, since the levels obtained correlate significantly with those found with anti-secretory component conjugate (8) . The pool of somatic antigens represents the E. coli serogroups commonly found in the gut flora of the Swedish population (31) . They are also common in other societies (28) . Thus, similar responses have been noted against 0 antigens obtained from E. coli isolates from Pakistan and Sweden (8) . The antibody levels are expressed as % of a reference serum, which shows a high level of IgA anti-E. coli antibodies. The way of expressing the ELISA values was chosen on the basis of statistical evaluation of this special material comparing different modes of determining antibody levels (9) . The daily intake of antibody by a child was calculated by correcting this "per cent of reference" for differences in 24-h-volume, in the following manner:
Daily intake reference serum
The largest volume obtained in the first set of Guatemalan samples studied, 968 ml, was taken as the reference volume. Statistical comparisons. These were made using the Wilcoxon rank sum test and Spearman correlation test (1 1).
RESULTS
The population groups. Age, parity and 24 h milk production is given in Table 1 for all the groups. The mothers in the privileged groups tend to be older and have less children than the poor women.
Comparison of colostrum samples taken 3 and 5 days after delivery. The levels of SIgA/liter in the different colostrum samples are presented in Table 1 . There were no statistically significant differences among the three population groups investigated. A considerable decrease was noted, however, in the SIgA concentration during the first 5 days (Table 2 ). In spite of the diminution, the daily output of SIgA remained unchanged due to the increase in milk volume (Table 3 , P > 0.1). The observed differences in daily output of SIgA among the groups were not significant either 3 or 5 days after delivery ( P > 0.1).
With this information as a baseline, we proceeded to analyze the milk samples for specific antibodies against E. coli 0 antigens. Knowing that the daily output of SIgA did not differ significantly among the groups examined, it was possible that, if any differences in levels of specific IgA antibodies were found, they could be due to differences in exposure. The levels of IgA antibodies against the pool of E. coli somatic antigens are presented in Table 4 . Three days after delivery the underprivileged Ethiopian mothers showed significantly lower antibody levels than the privileged Ethiopian ( P < 0.05). All these differences disappeared when the values were corrected for volume (Table 5 , P > 0.1 in all cases).
Comparison of samples taken one month after delivery. The levels of SIgA/liter in the different milk specimens are presented in Table 2 . Due to the small size of the Ethiopian privileged group, statistical comparisons were possible only among the Swedish and the Guatemalan population groups. The samples obtained from urban privileged women in Guatemala showed higher concentrations than those from the rural mothers ( P < 0.1). There were no significant differences among the other groups of women. But there was a certain trend toward lower levels in the poor women. The SIgA/liter concentrations showed a wide range within the individial groups, however, with the Guatemalan $vileged and Swedish mothers showing the greatest variation. The concentration of SIgA/liter did no; v a 6 in dependence of the 24-h-milk volume ( P > 0.1). When comparing the total amount of SIgA/ liter ingested in 24 h by the infants being breast fed by these mothers, no significant differences were found ( P > 0.1). The lowest mean value was observed in the Guatemalan rural group (Table 3) .
The levels of IgA antibodies against the pool of eight E. coli somatic antigens in milk specimens from Swedish and Guatemalan privileged women were comparable ( P > 0.1, Table 4 ); these two groups of mothers, Swedish and Guatemalan, had significantly higher antibody levels than the Guatemalan rural and urban ones ( P < 0.05 and P < 0.01). The anti-E. coli antibodies were present at the same levels in milk specimens from rural and urban poor women ( P > 0.1). The same pattern was observed after correction for 24 h volume (Table 5) .
There was no correlation between levels of SIgA and anti-E.
coli antibodies ( r = 0.17, P > 0.1).
Comparison of samples taken 3 months and later after delivery. The levels of SIgA/liter in the samples obtained at 3 months after parturition are shown in Table 2 . Although there was a considerable range within the individual groups, the rural mothers showed 
' Range. 
lower levels of SIgA than both the urban poor and urban privileged and Swedish women ( P < 0.1). Nevertheless, the quantities of SIgA ingested by the children in 24 h were comparable among the four groups ( P > 0.1, Table 3 ).
The levels of IgA antibodies against the pool of E. coli somatic antigens are presented in Table 4 . The urban privileged and the Swedish women, did not differ in antibody levels again, but both showed higher antibody levels than the urban poor and rural mothers ( P < 0.01). The privileged mothers had a daily output of IgA anti-E. coli antibodies that was significantly higher than the urban poor (P < 0.02) and rural women ( P < 0.01, Table 5 ). The two latter groups did not differ. The mean levels of anti-E coli antibodies in the two urban groups increased in comparison with those observed one month after delivery, in spite of an accompanying decrease in the mean content of SIgA.
The milk samples taken from the chronically malnourished mothers from Santa Maria Cauqut did not show any changes in the levels of SIgA and of anti-E. coli antibodies 3,6, and 9 months after initiation of lactation (Tables 2, 3 , 4, 5). The same was true for the Swedish mothers.
DISCUSSION
The data presented here provide evidence that chronically undernourished women are able to produce SIgA and transfer it to their offspring via breast milk. Furthermore, they do so in quantities that are comparable to those observed in well-nourished populations.
Although the concentrations of SIgA/liter in general were higher among privileged mothers, the daily output of SIgA by the groups of women from the various socio-economic groups did not differ at the various times after delivery. This fact shows the importance and necessity to determine breast milk volumes whenever studies on the immunological quality of milk are carried out.
The fact that no significant differences in SIgA output were seen among the populations studied suggests that ch;onically malnourished mothers do not have an impaired SIgA production, as suggested from studies of the nasopharyngeal response of malnourished children and experimental work in rats (3, 10) . Our findings would rather agree with those of Buchanan et al. (5) , who found no differences in the levels of SIgA in urine samples of malnourished and normal children suffering from urinary tract infections. On the other hand, inadequate milk volumes were found in 32% of poor urban and 25% of rural women at 6 months of lactation (29) , as well as in poor Pakistani women under severe stress (8) . In our studies, however, in all instances where a low volume of milk was produced, it was compensated for by higher than average concentrations of SIgA. There were three exceptions, though, one Swedish and two Guatemalan mothers, studied at 1 and 9 months after delivery.
In regard to the variations of the concentration of SIgA in milk samples from Guatemalan rural mothers during the period of lactation, a similar pattern was observed among women from Santa Maria Cauque (23), mothers living in the U.S. (24) and in Indian mothers (25) . The levels of SIgA we present, however, are different. This is presumably due to limitations inherent in the quantitation of SIgA by radial immunodiffusion used in the earlier reports, which have been overcome by the ELISA modification used in this investigation. This modified ELISA measures only IgA bound to the secretory component and permits the use of a proper standard (26) . The consistent finding of SIgA anti-E. coli antibodies presumably formed in the mammary gland might be explained by a transfer of committed lymphocytes from the intestine to the breast (17, 20) . Such a "homing" to the lactating glands of IgA-producing, primed lymphocytes suggests that milk antibodies reflect the host intestinal exposure to microorganisms and their products. One reason for the observed lower levels of anti-E. coli antibodies among the poor women may be variations in prevalence of the eight serogroups studied here. In fact, the Guatemalan privileged women may be exposed by their consumption of heavily contaminated food, such as tortillas, processed outside their home (6) .
Additionally, there are reports indicating that, although E. coli occurs universally, the predominant serotypes may vary geographically (12, 28, 32) . In a study of the faecal flora carried out in Santa Maria Cauque E. coli 055, 01 11 and 0119 accounted for two-thirds of the E. coli isolates from children less than 2 years old (22) . Milk antibodies against E. coli 01 11 were often found in colostrum samples obtained from mothers living in that locality (23) . It seems likelv that the antibodies found in human milk are ;ri&ered by antigdnic challenges to the intestinal mucosa which will not necessarily induce the production of serum antibodies (14) . The potential of breast milk as an epidemiological tool becomes apparent.
Our findings indicate that the multiple intestinal disease episodes seen in infants from poor communities may not be due to an impairment of the host immune factors provided by maternal milk. These protective elements, however, may be overcome by the heavy burden of pathogens associated with the low hygienic conditions under which the infants are living. On the other hand, the fact that one-third to one-fourth of the poor women produced too small volumes of milk (29) with a significantly lower daily output of anti-E. coli antibodies is important, and suggests that some of the breast-fed babies may be insufficiently protected. It is of interest, therefore, that it may be possible to increase the protective potential of breast milk through local intestinal vaccination and by parenteral boosting of pregnant and/or lactating women (14, 17, 27) .
